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DESCP.IPTIOI'  OF  SILV^JiIHG 

The  silvering  of  a  "black-silver  fox  is  produced  by  '-rhite  area-?  (usu- 
ally'" bunds)  to'-rard  the  outer  ends  of  the  guard  hairs,  which  extend  beyond 
the  underfur.   The  black  parts  of  the  guard  hairs  and  the  dark  slate- 
colored  underfur  by  contrast  with  the  '-'hite  arers  intensify  the  silvery 
effect.   'Tiite  bands  are  present  also  in  the  .guard  hairs  of  the  red  fox, 
of  i"hich  the  black-silver  fox  is  a  mutant,  the  red  -oieiment  being  re-olaced 
by  black.   In  the  early  development  of  silver  fox  raising,  the  darker  the 
fox  xDelt  the  more  desirable  it  ','as,  but  the  skill  of  the  dyer  in  trans- 
forming a  red  fox  nelt  to  a  black-silver  by  dyeing  and  pointing  _l/soon  sur- 
passed nature's  method  of  producing  silver  fox  pelts.  A  better  and  a 
cheaper  skin  came  from  the  dye  vats  than  could  be  ■^-roduced  by  the  most 
expert  breeding.   It  was  impossible,  ho'-'ever,  to  imitate  successfully  the 
lighter  silvers. 

I'he  degree  of  silvering  may  dei^end  on  several  fpxtors,  the  most  im- 
portant being  the  relative  abundance  over  the  entire  skin  of  guard  hairs 
having  varying  v'idths  of  white  bands.   The  greater  the  amount  of  '-'hite, 
the  lighter  the  silver.   In  extrenely  light  silvers  practically  all  the 
guard  hairs  hpve  wide  vhite  bands  or  ^re  entirely  '-'hite  excet)t  for  short 
black  ti^:)s.   The  length  of  these  black  tips  in  conjunction  ^-'ith  --'hatever 


entirely  black  guard  hairs  there  are  determines  t 
The  r)alest  silvers  have  the  minimum  of  this  veili 


he  extent  of  veiling. 

It  is  said  that  the 


extra  pf'-le  pelts  now  being  T)roduced  have  shorter  and  coarser  guard  hairs 


1/   Pointing  is  a  trade  terra  for  the  -orocess  of  inserting  and  gluing 
in  a  pelt  individual  guard  hairs  of  a  desired  color. 


than  those  of  the'  earlier  darker  silvers,  "but  this  point  has  not  "been 
carefully  studied.   The  gre'^test  dia'Tieter  of  a  giaard  hair  is  in  the  part 
tha,t  extends  "beyond  the  underfur,  and  I'then   the  white  area  occurs  at  that 
place,  the  greater  is  the  amount  of  white  area  in  relation  to  the  "black, 
hence  more  silver. 

BRIGHT  rjLL  SILVERS  IN  GPJIATSST  D3:.AI\CD 

In  the  United  States  the  full  silver  pelts  for  many  yegrs  have  been 
coirmanding  a  substantial  premium  over  other  silvers.   Other  things  being 
eqUrtl,  the  brightest  of  the  full  silvers  bring  the  most  money.   This  in- 
ducement has  caused  the  more  progressive  fox  fe.rmers  at  the  oresent  time 
so  to  select  and  mate  their  ani;r.als  as  to  produce  a  i^up  crop  containing 
80  percent  or  more  of  full  silvers.   This  rapid  change  has  been  brought 
about  partly  by  selective  inbreeding  or  by  line-breeding  and  loartly  by 
mating  unrelated  animals  selected  for  high  silvering. 

The  effectiveness  of  inbreeding  in  establishing  quickly  a  true  breed- 
ing t;i.'pe  is  Hell  kro-m.   Records  sho^r  that  certain  ff:>^nilies  of  foxes  de- 
velooed  by  Inbreediig  now  produce  100-percent  full  silvers.   Such  families 
yield  the  maximum  revenue  so  long  as  the  bright  full  silver  pelts  are  popu- 
lar. 

Realizing  that  the  vogue  for  bright  silvers  ;^.ay  be  but  temDorary,  hovr- 
ever,  some  of  the  more  cautious  fox  men  have  avoided  inbreeding.   But  in 
order  to  take  advantage  of  the  present  re^nand  for  the  bright  full  silvers 
and  yet  protect  themselves  from  the  '-fhims  of  fasliion,  some  breeders  have 
adopted  a  system  of  selective  outcrossing.   The  nuroose  of  the  present  study 
^as  to  analyse  this  Toarticular  system  of  breeding  as  an  effective  means  of 
Catering  to  the  popular  demand  yet  providing  insurance  for  the  future. 

DATA  ON  628  MATINGS  OF  SILVER  FOXES 

Through  the  cooperation  of  the  dissociated  Fur  Farns,  Few  Holstein, 
Wisconsin,  their  1935  and  1935  breeding  records  were  made  available  to 
the  vrriter  for  detailed  study.  At  that  time  that  farm  studiously  avoided 
all  inbreeding  and  line-breeding.   (In  more  recent  years  some  line-breeding 
has  been  done.)  An  infusion  of  the  darker  full  silvers  is  constantly  main- 
tained and  a  fev;  high-quality  three-fourths  silvers  are  retained  for  breed- 
ing.  The  purpose  is  to  obtain  a  rich  veiling  in  connection  with  the  fine, 
full-furred  i,oelt  which  it  is  believed  the  darker  animals  are  best  fitted 
to  contribute.   Matings  are  made  on  the  basis  of  the  silvering  in  evidence 
about  the  middle  of  October.   The  breeding  animals  are  classified  as  extra 
bright  full  silver,  bright  full  silver,  full  silver  2/^ dark  full  silver, 
three-fourths  silver,  and  half  silver.  ■.  . 


2/   The  term  "full  silver"  was  used  for  those  breeding  animals  for 
vrhich  a  more  specific  description  vras  not  available,  since  1936  was  the 
first  year  in  which  the  more  detailed  descriptions  were  employed. 


TABLE  l«'-»-The  ma»bTj  sex^  mnd  percentage  dagree  et  silvering  of  the  i«q)e  fron  638  selected 

■fttings  of  sliver  foxes 
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NHERITANCE  OF  SILVERING  IN  FOXES 


FIGURE  X»—Peroentage  diBtribution,  aooordiag  to  degrw  of  ailverlag,  of 
pups  resultixig  from  638  natlags  of  sllyer  fozea  of  Tarlous  degrees  of 
silver*  Information  on  male  pups  is  shonxi  in  the  left«haad«  and  am. 
female  pups  in  the  right«hand«  ooltsnn  of  eaoh  pair*  The  number  of 
pups  is  given  under  eaoh  ooluian^  and  the  number  and  kind  of  matings 
under  eaoh  pair  of  columns* 


The  1935  and  1955  matings  rnd  trie  ro.su?.ting  progeny  are  listed, 
according  to  degree  of  silver,  in  ta.ble  1.   This  tabulation  is  based 
on  the  records  of  638  raatings  atid  laey   include  data  on  tv;o  litters  of 
pups  from  the  saire  T'inir,   The  da.ta  r.Te   also  segregated  by  sex  of  oups 
to  determine  possible  variation  in  the  inheritance  of  silvering,   r.e- 
ciprocal  matings — l:he  sexes  reversed  .-'.ccording  to  degree  of  silver — are 
grouped  together  for  ready  comoarison.   The  columns  headed  "SIL"  in- 
clude all  the  pup  -oelts  sold  as  full  silver  as  '-'ell  as  the  fev;  aniir.als 
retained  for  breeding  that  had  a  degree  of  silver  that  made  them  darker 
than  the  extra  bright  and  bright  full  silver  but  lighter  than  the  d^rk 
full  silver.   No  doubt  some  of  the  ^oelts  sold  as  full  silver  were  extra 
bright,  bright,  or  dark  full  silver,  as  no  such  subclas-^-ifications  of 
full  silvers  vere  ma.de  in  the  market  at  that  time. 

The  percentage  distribution,  according  to  degree  of  silvering,  of 
the  pups  resulting  from  the  638  matings  of  silver  foxes  of  various  de- 
grees of  silver  is  shovni  graphically  in  figure  1.   Colujnns  showing  results 
of  the  m.ating  of  animals  having  similar  degrees  of  silvering  are  placed 
at  the  top,  and  pre  so  spaced  as  to  allovr  for  cutting  underneath  them  in 
relative  positions,  according  to  the  theoretical  average  degree  of  sil- 
vering of  both  parents  cor;:bined,  the  results  of  all  other  cnnbinations  of 
matings.   For  examtsle,  bright  silver  and  three-fourths  silver  parents 
v'ould  have  an  avera.ge  silvering  less  than  that  of  extra  bright  and  three- 
fourths  silver  parents;  hence  columns  showing  the  silvering  of  the  pups 
from  the  former  mating  are  olaxed  scmev/hat  farther  to  the  right.   The 
left  column  of  each  pair  reiDresents  the  male  pups  and  the  right  one  the 
female  puns.   The  nujnber  of  r.ale  and  of  female  pups  produced  from  each 
kind  of  mating  is  shown  under  their  respective  columns,  and  the  number  of 
litters  is  centered  benea.th  each  pair  of  colvvnns.   Reciprocal  matings  are 
shovm. 

lATlllG-  BAT' A   AiULYZSD 

It  is  evident  from  table  1  and  figure  1,  and  it  is  in  accord  vith  expec- 
tations, that  the  darker  parents  tend  to  produce  a  higher  uercentage  of 
darker  progeny,   I:  is  also  seen  that  puns  lighter  as  well  as  darker  than 
the  parents  can  \q   obtained  by  the  selective  outcrossing  system  of  breed- 
ing.  Some  bright  silvers  can  be  recovered  from  three-fourths  silver  mat- 
ings and  some  three-fourths  and  half  silvers  fr-^m  bright  silvers.   Fox 
breeders  are  aware  of  this  fact.   Data  concerning  the  degrees  of  brightness 
of  the  full  silver  -nups  obtained  from  darker  silver  "oa.r?r.ts  are  not  so 
abundant,  however,  because  of  the  "oractice  of  nelting  a  '•.igh'=r  percentage 
of  such  animals  and  thereby  eliminating  them  from  the  creedxi::;  herd  ^'hen  there 
is  a  demand  for  the  brighter  silvers,  and  because  auction  con.oanies  nrior  to 
1935  did  not  subdivide  the  full  silvers  in  the  sales. 

In  the  groups  having  the  greater  number  of  vixens  there  is  an  indica- 
tion that  '"'hen  the  vixen  is  the  brighter  silver  of  the  t'-'O  -arents,  the 
percentage  of  oups  showing  full  silver  will  be  somewhat  higher  th -n  when 


the  reverse  cross  is  made  (ta"b?.e  l).  A?.so  "by  grouping  together  all  mat- 
ings  .in  which  the  vixen  v^as  the  brighter  parent,  it  was  found  that  nearly 
7  percent  more  of  the  female  pups  were  full  silvers  than  ^rhen  the  male 
'■ras  the  "brighter  parent  (ta-hle  2). 

olaBLE  2.— Coi:iparison  of  the  average  size  of  litters  and  the  percent- 
ages of  full  silver  pups  from  mat ings  in  which  the  mr.les  are 
"brighter  silver  than  the  fema.les  with  those  from  the  reverse 
matings 
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There  is  no  indication  th?it  the  lighter  silvers  are  necessarily  less 
productive  than  the  darker  silvers  ( ta"bles  1  and  2). 

A  higher  percentage  of  the  female  pups  at  the  Associated  Pur  Farms  are 
full  silvers — 75  percent  as  comiDared  with  58  percent  of  the  male  pups. 

SECOKD  LITTERS  ARE  DARKER  THAN  THE  FIRST 


r-any  fox  breeders  believe  that  subsequent  litters  by  the  same  pair 
tend  to  show  less  silver  than  the  previous  litters.   In  the  -oresent  study 
there  were  not  a  sufficient  number  of  records  of  the  same  pairs  mating 
more  than  2  years  in  succession  to  warrant  any  consideration-   The 
records  did  contain  data,  however,  on  170  pairs  of  foxes  that  produced 
two  litters  in  successive  years.  All  but  about  10  of  the  vixens  were 
2-year-old  jinimals  at  the  tim.e  of  the  second  v;helping. 

According  to  the  degree  of  silver,  there  were  15  types  of  matings,  in- 
cluding reciprocal  crosses.   ?ilhen  the  male  and  the  female  pups  ^ere  con- 
sidered together,  the  percentage  of  full  silver  pups  in  the  second-year 
litters  in  every  case  was  lower  than  in  the  first.   VJhen  the  pups  were 
segregated  according  to  sex,  however,  of  the  possible  32  groups  only  4 
groups  in  the  second  year  shovred  an  increased  percentage  of  full  silvers 
over  tha.t  of  the  first,  these  exceptions  being  female  pups  from  bright 


silver  females  mated  to  "bright  silver  n)ales;  .Tiale  pups  from  bright  sil- 
ver females  m.ated  to  three-fourths  silver  r.ales;  female  ^uns  from  three- 
fourths  silver  females  mated  to  three-fourths  silver  males;  and  female-pups  from 
three-fourths  silver  females  mated  to  dark  silver  males.   Of  the  420  raR.le 
pu-Qs  oroduced  the  I'irst  year  from  the  170  ::iairs,  66  percent  (table  3) 
were  full  silvers,  v;hereas  of  the  448  males  >;helped  the  second  year,  only 
53  percent  were  full  silvers — a  decrease  of  13  percent  of  full  silvers 
the  second  ypc-r.   Of  the  398  female  pups  produced  the  first  year,  73  percent 
were  full  silvers,  and  of  the  385  females  vhelped  the  second  year,  only  58 
■percent  ^-'ere  full  silvers —  a  decrease  of  10  percent  of  full  silvers  the 
second  year.   In  July  the  litters  averaged  4.81  the  first  year,  and  4.92 
the  second. 

r.-iBLS  o. — distribution  according  to  sex  .^nd  deg:ree  of  silvering  of  the 
pups  in  the  first  and  second  litters  of  170  pairs  cf  silver  foxes 
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The  full  silver  pups  kept  for  breeding  were  further  desi,^nated  extra 
bright,  bright,  and  dark,  but  there  vas  such  a  great  difference  in  the  num- 
ber of  Toups  saved  for  breeding  during  the  2  years  that  a  comparison  of 
the  percentage  distribution  on  the  basis  of  these  finer  divisions  of  full 
silver  has  little  value.  Full  silver  pelts,  ho'-^ever,  are  not  subdivided 
when  marketed.   The  terms  "three-fourths  silver"  and"half  silver"  are  ap- 
plied both  to  the  marketable  pelts  and  to  the  animals  retained  for  breed- 
ing.  In  table  3  it  vrill  be  seen  that  most  of  the  incre-sed  percentage  of 
the  darker  oups  of  the  second  year  "'ere  half  silvers.   It  should  be  kept  in 


mind  that  the  accuracy  of  the  figures  depends  on  the  uniformity  nith 
v/hich  the  -oelts  and  the  animals  '/ers  graded  during  the  2  ye<T5..    The 
same  person  in  both  years  classified  the  pups,  retained  as  breeders  and 
the  pelts  sold,  taking  special  care  to  keep;  the  grading  comparable. 

In  this  particular  case  it  vas  not  possible  to  determine  whether  the 
difference  that  existed  in  the  degree  of  silvering  was  due  to  the  fact  that 
the  imps  belonged  to  successive  litters  or  to  the  fact  that  the  first-year 
litters  were  almost  entirely  from  yearling  vixens.   The  difference  in  the 
deforce  of  silvering  in  the  puns,  of  the  first  2  years  may  be  greater  than 
in  those  of  any  subsequent  2   years.   It  would  be  interesting  to  know 
whether  the  older  vixens  produce  pups  as  much  darker  in  successive  years 
as'  the  yearlings  did  in  this  case.   Yearlings  vrhelp  considerably  later 
than  the  older  vixens  do,  and  there  may  be  other  differences  not  as 
yet  discovered.   Intensive  inbreeding  might  not  yield  results  comioarable 
with  the  data  herein  given. 

If  vixens  regardless  of  age  do  produce  darker  puns  in  each  successive 
year,  what  is  the  cause?  Is  it  due  to  some  accumulated  deficiency  in  the 
feed  or  to  something  outside  the  field  of  nutrition?  If  the  maximum  decrease 
in  silvering  occurs  in  the  second-year  litters,  what  is  the  explanation? 
What  is  the  nature  of  the  chsjige?   It  is^rather  common  belief  among  fox  men 
that  with  ad.vancing  age  the  individual  animal  tends  to  show  less  silver. 
The  cause  and  nature  of  this  change,  if  it  does  occur,  are  intriguing. 

POSSIBLE  GEIMSTIC  EXPLu^ATIOiJ 

A  clear  genetic  explanation  of  the  phenomena  revealed  by  this  study 
is  not  at  present  -oossible,  but  if  conditions  in  the  fox  are  similar  to 
those  in  other  mammals,  it  seems  most  probable  that  a  number  of  genetic 
factors,  or  genes,  affect  silvering  in  the  fox.   These  genes  are  probably 
on  inaj%.y  different  chromosomes,  and  various  tj'pes  of  genetic  interaction 
no  d.oubt  occur.   Some  of  the  genes  for  silvering  are  probably  carried  on 
the  sex  (or  X)  chromosome,  and  the  lighter  silvering  observed  in  female 
pups  :nay  be  due  to  this,  since  the  X  chromosomes  occur  in  ]oairs  in  the 
fe:/iale  and  singly  in  the  male.   If  a  major  gene  or  several  genes  for  sil- 
vering are  carried  on  the  X  chromosome  and  if  there  should  be  cumulative 
action  of  these  genes,  it  might  account  for  the  lighter  silvering  generally 
observed' in  the  female  pups,  since  these  genes  --rould  occur  in  duplicate  in 
the  fe.r.ale  nnd  singly  in  theiaale.  '  This' is  problematical,  however,  and 
-only  prolonged  research  will  reveal  the  facts. 
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